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Process for the Preparation of Motor Coil and Apparatus Therefor 

Cross Reference to Related Applications and Incorporation by Reference 

This application based upon and claims the benefit of priority from 
5 the prior Japanese Patent Application No. 2003-103807, filed on April 8, 
2003; the entire content of which is incorporated herein by reference. 

Background of the Invention 

1 . Field of the Invention 

10 The present invention relates to a process for the preparation of a 

motor coil, particularly a motor coil which is penetrated and retained by a 
column-shaped motor core and in which a ribbon conductor is disposed 
such that a width direction of the ribbon conductor is extended in a radius 
direction of the motor core and the ribbon conductor is helically superposed 

15 on one another in an axis direction of the motor core and along an outer pe- 
ripheral surface of the motor core, and an apparatus for the preparation of 
the motor coil. 

2. Description of the Related Art 

20 For instance, a motor coil which is retained by a column-shaped 

through motor core and in which a ribbon conductor is disposed such that a 
width direction of the ribbon conductor is extended in a radius direction of 
the core and the ribbon conductor is helically superposed on one another in 
an axis direction of the core and along an outer peripheral surface of the 
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core, has been already suggested. The motor coil is referred to as a longi- 
tudinally wound motor coil. 

Fig. 1 1 and Fig. 12 are views for explaining a process for preparing 
the longitudinally wound motor coil. In the conventional process, first a 
5 block 101 composed of copper or aluminum is prepared as one body by ex- 
trusion molding, and a helical groove 104 is formed on the block 101, the 
groove 104 reaching from an outer peripheral surface 102 of the block to a 
hollow part 103 of the block, whereby a helical electric current path is 
formed. 

10 In more detail, as shown in Fig. 11, a rotating cutting tool 110 

moves in the direction of the arrow, and forms a straight groove 104a on 
the block 101. The groove is formed at same intervals so as to have nec- 
essary winding number. Thereafter, as shown in Fig. 12, the locations of 
the block 101 and the cutting tool 110 are changed relatively, whereby a 

15 straight groove 104b is formed. Beginning and end points of the groove 
104b are obliquely connected with the groove 104a to form the helical 
groove 104 on the block 101 . Further it is already known that the grooves 
104a and 104b are simultaneously formed by using the cutting tools 1 10 of 
the same number as that of the grooves arranged in a row (see 

20 JA07-163100). 

Summary of the Invention 

In case the grooves are formed by a single cutting tool 110 men- 
tioned previously, it is required that the tool 1 10 is moved at a uniform ve- 
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locity. Therefore a number of steps become necessary, which brings 
about reduction of productivity and increase of cost. 

In case the grooves are simultaneously formed by using the plural cut- 
ting tools 110 arranged in a row, the block 101 receives some processing 
5 load given in one direction to the block and therefore may deform during 
the processing operation. Hence, it is difficult to form the grooves at 
same intervals by this process. 

Further when the intervals between the grooves are increased so as 
to have sufficient rigidity to stand the processing load, the winding number 
10 comes to reduce whereby performance desired as a motor coil cannot be 
acquired. 

In view of the above-mentioned problems, the object of the present 
invention is to provide a process for the preparation of a motor coil by 
which a longitudinally wound motor coil can be easily prepared. 
15 Further, the object of the present invention is to provide an appara- 

tus for the preparation of a motor coil by which a longitudinally wound 
motor coil can be easily prepared. 

The present first invention to attain the object is provided by a 
20 process for the preparation of a motor coil which is penetrated and retained 
by a column-shaped motor core (i.e., retained by passing through a col- 
umn-shaped motor core) and which has a ribbon conductor which is dis- 
posed such that a width direction of the ribbon conductor is extended in a 
radius direction of the motor core, the ribbon conductor being helically su- 
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perposed on one another in an axis direction of the motor core and along an 
outer peripheral surface of the motor core, comprising: 

a first step for molding a mother material to prepare a first molded 
product comprising a column part, and a fin part projected in the form of 
5 flat plate from an outer peripheral surface of the column part to an outer 
side in a radial direction of the column part and helically continuing in an 
axis direction of the column part at predetermined intervals along the outer 
peripheral surface of column part; 

a second step for punching out the column part from the first 
10 molded product in an axis direction of the column part (from one end to the 
other end of the column part) with retaining the fin part to remove the 
column part to prepare a second molded product helically formed by the fin 
part; 

a third step for coating the second molded product with an insulat- 
15 ing film to prepare a third molded product; and 

a fourth step for pressurizing both sides of the third molded product 
in a direction having punched out the column part to deform the third 
molded product such that flat plate portions of the fin part are superposed 
on one another. 

20 In the first invention, a mother material is molded to prepare a first 

molded product comprising a column part, and a fin part projected in the 
form of flat plate outward in a radial direction of the column part from an 
outer peripheral surface of the column part and helically continuing in an 
axis direction of the column part at predetermined intervals along the outer 
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peripheral surface of the column part. 

Subsequently, the column part of the first molded product is 
punched out in an axis direction of the column part from the first molded 
product with retaining the fin part to remove the column part whereby a 
5 second molded product helically formed by the fin part is obtained. 
Thereafter the second molded product is coated with an insulating film to 
prepare a third molded product. Finally, both sides of the third molded 
product in a direction having punched out the column part is pressurized to 
be deformed to the third molded product such that adjacent flat plate por- 
10 tions of the fin part are superposed on one another, whereby the motor coil 
is prepared. 

Hence, a longitudinally wound motor coil, so called, in which a 
ribbon conductor is disposed such that a width direction of the ribbon con- 
ductor is extended in a radius direction of the motor core, the ribbon con- 

15 ductor being helically superposed on one another in an axis direction of the 
motor core and along an outer peripheral surface of the motor core, can be 
prepared by the process of the invention. The process makes it possible to 
easily prepare the longitudinally wound motor coil having high precise di- 
mension, and further enables enhancement of the productivity and reduc- 

20 tion of the manufacturing cost. 

The second invention is provided by an apparatus for the prepara- 
tion of a motor coil which is penetrated and retained by a column-shaped 
motor core and which has a ribbon conductor which is disposed such that a 
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width direction of the ribbon conductor is extended in a radius direction of 
the motor core, the ribbon conductor being helically superposed on one an- 
other in an axis direction of the motor core and along an outer peripheral 
surface of the motor core, comprising: 
5 a first means for molding a mother material to prepare a first 

molded product comprising a column part, and a fin part projected in the 
form of flat plate from an outer peripheral surface of the column part to an 
outer side in a radial direction of the column part and helically continuing 
in an axis direction of the column part at predetermined intervals along the 

10 outer peripheral surface of column part; 

a second means for punching out the column part from the first 
molded product in an axis direction of the column part (from one end to the 
other end of the column part) with retaining the fin part to remove the 
column part to prepare a second molded product helically formed by the fin 

15 part; 

a third means for coating the second molded product with an insu- 
lating film to prepare a third molded product; and 

a fourth step for pressurizing both sides of the third molded product 
in a direction having punched out the column part to deform the third 
20 molded product such that flat plate portions of the fin part are superposed 
on one another. 

In the second invention, a mother material is molded to prepare a 
first molded product comprising a column part, and a fin part projected in 
the form of flat plate outward in a radial direction of the column part from 
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an outer peripheral surface of the column part and helically continuing in 
an axis direction of the column part at predetermined intervals along the 
outer peripheral surface of the column part. 

Subsequently, the column part of the first molded product is 
5 punched out in an axis direction of the column part from the first molded 
product with retaining the fin part to remove the column part whereby a 
second molded product helically formed by the fin part is prepared. 
Thereafter the second molded product left by the removal is coated with an 
insulating film to prepare a third molded product. Finally, both sides of 
10 the third molded product in a direction having punched out the column part 
is pressurized to deform the third molded product such that flat plate por- 
tions of the fin part are superposed on one another, whereby the motor coil 
is prepared. 

Hence, a longitudinally wound motor coil, so called, in which a 
15 width direction of a ribbon conductor is extended in a radius direction of 
the motor core and the ribbon conductor is helically superposed on one an- 
other in an axis direction of the motor core and along an outer peripheral 
surface of the motor core, can be prepared by the process of the invention. 
The process makes it possible to easily prepare the longitudinally wound 
20 motor coil having high precise dimension, and further enables enhancement 
of the productivity and reduction of the manufacturing cost. 

The preferred embodiment (1) is provided by the apparatus for the 
preparation of a motor coil, wherein the first means comprising: 
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a column-shaped space part capable of accommodating the col- 
umn-shaped mother material in the condition that the material is extended 
in the longitudinal direction, 

a forging mold having in an interior thereof a fin-shaped space part 
5 continued helically along an outer peripheral surface of the column-shaped 
space part, and 

a forging punch capable of molding the first molded product by 
pressurizing the mother material charged in the forging mold from the both 
sides in an axis direction of the mother material. 

10 The embodiment (1) is an example of the first means for preparing 

the first molded product. In the embodiment (1), the first means is pro- 
vided with a column-shaped space part capable of accommodating the 
column-shaped mother material in the condition that the material is ex- 
tended in longitudinal direction, a forging mold having in an interior 

15 thereof a fin-shaped space part continued helically along an outer periph- 
eral surface of the column-shaped space part, and a forging punch capable 
of molding the first molded product by pressurizing the mother material 
charged in the forging mold from the both sides in an axis direction of the 
mother material, and the first molded product can be prepared by forging 

20 using this first means. The use of the forging makes it possible to prepare 
the first molded product having high precise dimension in reduced manu- 
facturing cost and at high speed. 



The preferred embodiment (2) is provided by the apparatus for the 
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preparation of a motor coil, wherein the forging mold has plural 
plate-shaped blocks having a M U"-shape in a plan view and capable of 
forming an opening hole extended in the longitudinal direction by linking a 
pair of the blocks with each other in faces (mating surfaces) of both sides 
5 of the blocks in a right-left arrangement and superposing a plurality of the 
combined blocks on one another in the longitudinal direction, 
the plate-shaped blocks comprising: 

an upper side part extended approximately horizontally in the direc- 
tion from the face of one end thereof, 
10 a lower side part extended approximately horizontally in the direc- 

tion from the face of the other end thereof in a location under the upper side 
part, 

an inclined part, whose two ends linking to the upper side part and 
the lower side part, continuously extended from the upper side part to the 
15 lower side part, while the inclined part gradually descending from the up- 
per side part to the lower side part, 

a notch part formed by notching the face side area of the inclined 
part in longitudinal direction, and 

a recess part provided by depressing an upper surface of the 
20 plate-shaped block to a predetermined depth from the upper surface and a 
predetermined width from the notch part continuing from the face of the 
upper side part to the lower side part along an upper end of the notch part; 
and 

wherein the plate-shaped blocks are combined right and left with each 
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other in their faces to continuously link an upper surface of the lower side 
part of one plate-shaped block with an upper surface of the upper side part 
of the other plate-shaped block and continuously link a lower surface of the 
upper side part of the one plate-shaped block with an upper surface of the 
5 lower side part of the other plate-shaped block, and the column-shaped 
space part is formed by combining the notches of the plate-shaped blocks, 
and the fin-shaped space part is formed by combining the recess part of 
each of the plate-shaped blocks with an under surface of the plate-shaped 
block superposed on the recess part. 

10 The embodiment (2) is an example of the forging mold mentioned 

above. In the embodiment (2), the forging mold has plural plate-shaped 
blocks having a "U M -shape in a plan view and capable of forming an open- 
ing hole extended in the longitudinal direction by combining a pair of the 
blocks with each other in faces of both sides of the blocks arranged right 

15 and left and superposing a plurality of the combined blocks on one another 
in the longitudinal direction. 

The plate-shaped blocks comprises an upper side part extended ap- 
proximately horizontally in the direction from the face of one end thereof, a 
lower side part extended approximately horizontally in the direction from 

20 the face of the other end thereof in the location under the upper side part, 
an inclined part gradually descending with moving from the upper side part 
to the lower side part, two ends of the inclined part continuously linking to 
the upper side part and the lower side part, a notch part formed by notching 
the face side area of the inclined part in longitudinal, and a recess part pro- 
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vided by depressing an upper surface of the plate-shaped block to a prede- 
termined depth from the upper surface and a predetermined width from the 
notch part continuing from the face of the upper side part to the lower side 
part along an upper end of the notch part. 
5 Further, the plate-shaped blocks are combined right and left with 

each other in their faces to continuously link an upper surface of the lower 
side part of one plate-shaped block with an upper surface of the upper side 
part of the other plate-shaped block and continuously link a lower surface 
of the upper side part of the one plate-shaped block with an upper surface 

10 of the lower side part of the other plate-shaped block, and the col- 
umn-shaped space part is formed by combining the notches of the 
plate-shaped blocks, and the fin-shaped space part is formed by combining 
the recess part of each of the plate-shaped blocks with an under surface of 
the plate-shaped block superposed on the recess part. 

15 Hence, the plural plate-shaped blocks are superposed on one an- 

other, and combined with right and left in the face, whereby the col- 
umn-shaped space part capable of accommodating the column-shaped 
mother material in the condition that the material is extended in 
longitudinal direction, and the fin-shaped space part continued helically 

20 along the outer peripheral surface of the column-shaped space part can be 
formed in the forging mold. Hence, the first molded product can be 
prepared by retaining the mother material in the forging mold and 
pressurizing both sides in the axis direction of the mother material by a 
forging punch. 



12 

The preferred embodiment (3) is provided by the apparatus for the 
preparation of a motor coil, wherein the second means comprises: 

a punching die having a retaining part for retaining the fin part of 
the first molded product and a punching hole enabling the punching out of 
5 the column part of the first molded product in the axis direction, and 

a punch for punching out the column part of the first molded prod- 
uct in the axis direction in cooperation with the punching hole of the 
punching die. 

The embodiment (3) is an example of the second means for prepar- 
10 ing the second molded product. According the embodiment (3), the sec- 
ond means has a punching die having a retaining part for retaining the fin 
part of the first molded product and a punching hole capable of punching 
out the column part of the first molded product in the axis direction, and a 
punch for punching out the column part of the first molded product in the 
15 axis direction in cooperation with the a punching hole of the punching die, 
and thus the second molded product is prepared by punching out the col- 
umn part of the first molded product on the axis direction with retaining the 
fin part of the first molded product. Such preparation by the punching 
makes it possible to prepare the second molded product having high precise 
20 dimension in reduced manufacturing cost and at high speed. 

The preferred embodiment (4) is provided by the apparatus for the 
preparation of a motor coil according the embodiment (3), wherein the 
punching die has a plurality of plate-shaped blocks having a "LT-shape in a 



plan view and capable of forming a punching hole extended in the longitu- 
dinal direction by combining a pair of the blocks with each other in faces of 
both sides of the blocks arranged right and left and superposing a plurality 
of the combined blocks on one another in longitudinal direction, 
5 the plate-shaped blocks comprising: 

an upper side part extended approximately horizontally in the direc- 
tion from the face of one end thereof, 

a lower side part extended approximately horizontally in the direc- 
tion from the face of the other end thereof in the location under the upper 
10 side part, 

an inclined part, whose two ends link to the upper side part and the 
lower side part, continuously extended from the upper side part to the lower 
side part, while the inclined part gradually descending from the upper side 
part to the lower side part, 

15 a notch part formed by notching the face side area of the inclined 

part in longitudinal direction, and 

a recess part provided by depressing an upper surface of the 
plate-shaped block to a predetermined depth from the upper surface and a 
predetermined width from the notch part continuing from the face of the 

20 upper side part to the lower side part along an upper end of the notch part; 
and 

wherein the plate-shaped blocks are combined right and left with 
each other in their faces to continuously link an upper surface of the lower 
side part of one plate-shaped block with an upper surface of the upper side 
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part of the other plate-shaped block and continuously link a lower surface 
of the upper side part of the one plate-shaped block with an upper surface 
of the lower side part of the other plate-shaped block, and the opening hole 
is formed by using the notches of the plate-shaped blocks, and the retaining 
5 part is formed by combining the recess part of each of the plate-shaped 
blocks with an under surface of the plate-shaped block superposed on the 
recess part. 

The embodiment (4) is an example of the punching die. Accord- 
ing to the embodiment (4), the punching die is provided with plural 

10 plate- shaped blocks having a "U" -shape in a plan view and capable of 
forming a punching hole extended in the longitudinal direction by combin- 
ing a pair of the blocks with each other in faces of both sides of the blocks 
arranged right and left and superposing a plurality of the combined blocks 
on one another in the longitudinal direction. 

15 The plate-shaped blocks has an upper side part extended approxi- 

mately horizontally in the direction leaving the face of one end thereof, a 
lower side part extended approximately horizontally in the direction leav- 
ing the face of the other end thereof in a location under the upper side part, 
an inclined part, whose two ends link to the upper side part and the lower 

20 side part, continuously extended from the upper side part to the lower side 
part, while the inclined part gradually descending from the upper side part 
to the lower side part, a notch part formed by notching the face side area of 
the inclined part in longitudinal direction, and a recess part provided by 
depressing to a predetermined depth from an upper surface of the 
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plate-shaped block and a predetermined width from the notch part with 
continuing from the face of the upper side part to that of the lower side part 
along an upper side of the notch part. 

Further the plate-shaped blocks are combined right and left with 

5 each other in the faces to continuously link an upper surface of the lower 
side part of one plate-shaped block with an upper surface of the upper side 
part of the other plate-shaped block and continuously link a lower surface 
of the upper side part of the one plate-shaped block with an upper surface 
of the lower side part of the other plate-shaped block, and the opening hole 

10 is formed by using the notches of the plate-shaped blocks, and the retaining 
part is formed by combining the recess part of each of the plate-shaped 
blocks with an under surface of the plate-shaped block superposed on the 
recess part. 

Hence, the plural plate-shaped blocks having the above-mentioned 
15 structure are inserted between the fin parts of the first molded product, 
combined with each other right and left and superposed on one another in 
the axis direction along the column part of the first molded product, 
whereby the column part can be retained such that it can be punched in the 
conditions that the fin parts are retained in the punching die. Hence, the 
20 second molded product can be prepared by retaining the fin parts of the 
first molded product and punching the column part from one end to the 
other end of the column part in the axis direction. 

Brief Description of the Drawings 
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Fig. 1 is a flow chart for explaining a process for preparing a motor 

coil. 

Fig. 2 is a perspective view for schematically illustrating a first 
molded product molded by a forging operation. 
5 Fig. 3 is a perspective view for schematically explaining an impor- 

tant part of a forging apparatus used in a forging operation. 

Fig. 4 is a whole view for schematically illustrating a forging mold 
attached to the forging apparatus shown in Fig. 3. 

Fig. 5 is a perspective view for explaining a structure of a 
10 plate-shaped block. 

Fig. 6 is a perspective view for schematically illustrating a second 
molded product molded by a punching operation. 

Fig. 7 is a view for schematically illustrating an important part of a 
punching apparatus. 
15 Fig. 8 is a whole view for schematically illustrating a punching die. 

Fig. 9 is a perspective view for explaining a structure of a 
plate-shaped block. 

Fig. 10 is a perspective view for schematically illustrating a motor 
coil molded by a pressure deforming operation. 
20 Fig. 1 1 is a view for explaining conventional technology. 

Fig. 12 is a view for explaining conventional technology. 

Detailed Description of the Invention 

Embodiments of the present invention are explained by reference of 
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Fig. 1 . Fig. 1 is a flow chart for explaining a process for preparing a mo- 
tor coil of the invention. 

First a forging operation, in which a first molded product 10 (refer- 
ring to Fig. 2) is molded from a mother material 1 (referring to Fig. 4 (a)), 

5 is carried out. The mother material 1 is composed of, for example, the 
same material as material used in a motor coil (e.g., aluminum or steel) and 
has a column shape capable of being charged in a forging mold 30. 

Fig. 2 is a perspective view for schematically illustrating the first 
molded product 10 molded by the forging operation. The first molded 

10 product 10 is formed so as to have a column part 1 1 and a fin part 12 pro- 
jected from an outer peripheral surface of the column part by molding a 
mother material 1 (referring to Fig. 4 (a)) in the forging mold 30. The 
column part 1 1 has an approximately rectangular shape in a cross sectional 
view which has the approximately same area as a cross-sectional shape of a 

15 motor core (not shown in figure). 

The fin part 12 is projected in the form of flat plate outward in a ra- 
dial direction of the column part 1 1 from an outer peripheral surface of the 
column part, and helically disposed squarely so as to move in an axis direc- 
tion of the column part 1 1 with moving gradually in the peripheral direc- 

20 tion along the outer peripheral surface of column part. The shape formed 
by the helically disposing is a square. 

The shape of the fin part 12 is explained in detail based on Fig. 2. 
A front plate-shaped part 12A of the fin part 12 projected from a front side 
1 1A of the column part 1 1 extends between a left surface 1 IB and a right 
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surface 1 1 D of the column part 1 1 in the horizontal direction orthogonaliz- 
ing with respect to the axis direction of the column part 1 1 , and disposed at 
same intervals in the axis direction of the column part 1 1 . 

A rear plate part 12C of the fin part 12 projected from a rear surface 

5 1 1C of the column part 1 1 extends between a left surface 1 IB and a right 
surface 1 ID of the column part 11 in the horizontal direction orthogonaliz- 
ing with respect to the axis direction of the column part 1 1, and disposed at 
same intervals in the axis direction of the column part 1 1, similarly to the 
front plate-shaped part 12 A. Further the front plate part 12A and the rear 

10 plate part 12C are disposed alternately with respect to the axis direction of 
the column part 1 1 . 

A rear plate part 12B of the fin part 12 projected from a left surface 
1 IB of the column part 1 1 extends between a front surface 1 1A and a rear 
surface 11C of the column part 11 in the direction obliquely intersecting 

15 with respect to the axis direction of the column part 11, and links between 
an end in the left side (of the column part 1 1) of the front plate-shaped part 
12A and an end in a left side (of the column part 11) of the rear 
plate-shaped part 12C provided thereunder in the axis direction. 

A right plate part 12D of the fin part 12 projected from a right sur- 

20 face 1 ID of the column part 1 1 extends between a front surface 1 1A and a 
rear surface 1 1C of the column part 1 lin the direction obliquely intersect- 
ing with respect to the axis direction of the column part 1 1 , and links be- 
tween an end in the right side (of the column part 11) of the front 
plate-shaped part 12A and an end in the right side (of the column part 1 1) 
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of the rear plate-shaped part 12C provided thereup in the axis direction. 

Fig. 3 is a perspective view for schematically explaining an impor- 
tant part of a forging apparatus (means for preparing the first molded prod- 
uct) used in a forging operation (forging step). The forging apparatus 20 

5 has a bolster 21 and a slide 26. The bolster 21 is provided with a pedestal 
part 22 having a retaining mechanism for retaining the forging mold, and a 
pressure plate 24 supported moveably in the longitudinal direction above 
the pedestal part 22 and capable of receiving the pressure load of the slide 
26 by pressure given upward with a spring 23. 

10 A forging punch 28 is attached to the slide 26 via a punch holder 27. 

The forging punch 28 moves from an upper side to a lower side of the 
pressure plate 24 with movement of the slide 26, whereby it passes through 
an inside of a pass-through (penetrating) hole 24a opened in an approxi- 
mately central position of the pressure plate 24 to reach a forging mold 30 

15 to pressurize a mother material 1 (referring to Fig. 4) in the forging mold 
30. 

Fig. 4 is a whole view for schematically illustrating the forging 
mold attached to the forging apparatus in Fig. 3, and Fig. 4(a) is a left side 
view and Fig. 4(b) is a plan view. As shown in Fig. 4(a), the forging mold 
20 30 is composed of an upper base 31, a lower base 32 and plural 
plate-shaped blocks 33 superposed (layered) between the upper base 31 and 
the lower base 32. Further as shown in Fig. 4(b), an opening hole HI is 
formed which passes through a center of the forging mold 30 in the longi- 
tudinal direction and which is capable of accommodating the mother mate- 
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rial 1 in the condition extending in a longitudinal direction. 

Fig. 5 is a perspective view for explaining a structure of a 
plate-shaped block 33. As shown in Fig. 5, the plate-shaped block 33 is 
composed of a rectangular plate having a predetermined thickness and a 

5 long side and short side, and has a "U" shape in a plan view that is capable 
of forming the opening hole HI extended in longitudinal direction by com- 
bining a pair of the blocks with each other in faces of both sides of the 
blocks arranged right and left and superposing the combined blocks on one 
another in longitudinal direction. 

10 As for the plate-shaped blocks, the block has an upper side part 34 

extended in the direction leaving the face 34b of its one end, a lower side 
part 36 extended in the direction leaving the face 36b of the other end in the 
location under the upper side part 34, and an inclined part 35, whose two 
ends link to the upper side part 34 and the lower side part 36, continuously 

15 extended from the upper side part 34 to the lower side part 36, while the 
inclined part gradually descending with moving from the upper side part 34 
to the lower side part 36. 

The upper side part 34 and the lower side part 36 are approximately 
horizontally extended in the condition that the plate-shaped block 33 is re- 

20 tained between the upper base 3 1 and the lower base 32. The inclined part 
35 is, as shown in, for example, Fig. 5, formed such that the upper surface 
36a of the lower side part of the plate-shaped block 33 disposed in the left 
side (this side of the figure) is flush with the lower surface 34c of the upper 
side part of the plate-shaped block 33 disposed in the right side (the inner 
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side of the figure) to form a continuous surface having an inclined angle, 
when the upper surface 34a of the upper side part of the plate-shaped block 
33 disposed in the left side (this side of the figure) is approximately flush 
with the upper surface 36a of the lower side part of the plate-shaped block 
5 33 disposed in the right side (the inner side of the figure) to form a con- 
tinuous surface. 

A notch part 37 is formed between a face 34b in the side of the up- 
per side part 34 and a face 36b in the side of the lower side part 36 by 
notching an area in the side of the faces of inclined part 35 in the longitu- 

10 dinal direction. The notch part 37 has shape capable of forming an 
intermediate portion of the opening hole HI in cooperation with the notch 
part 37 of an opposite plate-shaped block 33. 

Further, a recess part 38 is provided on the upper surface of the 
plate-shaped block 33 by depressing the upper surface to form the fin part 

15 12 of the first molded product 10. The recess part 38 continues from the 
face 34b of the upper side part 34 to the face 36b of the lower side part 36 
along an upper end of the notch part 37, and is formed so as to have the ap- 
proximately same dimension depth as the thickness of the fin part 12 and 
the approximately same width as the projected width of the fin part 12 

20 throughout from the comer parts of the upper surface 34a of the upper side 
part, the upper surface 35a of the inclined part and the upper surface 36a of 
the lower side part of the plate-shaped block 33 to the comer parts of the 
upper end of the notch part 37. 

On the other hand, as shown in Fig. 4(a), the upper base 3 1 and the 
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lower base 32 has block shape capable of retaining by putting the laminated 
plate-shaped blocks 33 between the bases from upper and lower directions, 
and further a structure capable of dividing into two portions right and left 
by the face 31b extending longitudinally by continuation of the faces 34b 

5 and 36b of the plate-shaped block 33. 

Further, as shown in Fig. 4(b), a notch part 3 la is formed on a cen- 
tral portion of the faces 31b by notching the central portion in longitudinal 
direction in the same dimension as the face 37. The notch part 31a has a 
shape capable of forming upper and lower end portions of the opening hole 

10 HI in cooperation with the opposite notch part 31a of the upper base 31. 
Also though the lower base 32 is provided with the notch part having the 
same structure as above, it has the same shape as that of the upper base 3 1 
shown in Fig. 4(b). Therefore, the detailed explanation is omitted. 

Hence, plurality (17 in Fig. 4) of right-and-left pairs of plate-shaped 

15 blocks 33 mentioned above, are superposed (layered) to a laminate, the 
laminate is put between the upper base 31 and lower base 32 such that the 
upper side of the laminate is in contact with the upper base 31 and the 
lower side in contact with the lower base 32, and they are retained by re- 
taining mechanism of the pedestal part 22 (referring to Fig. 3), whereby a 

20 column-shaped space extended longitudinally the inside of the forging 
mold 30 in the center of the forging mold 30 and a fin-shaped space con- 
tinued helically the outer peripheral surface of the column-shaped space 
can be formed. 

In case the above-mentioned first molded product 10 is forg- 
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ing-molded using the forging apparatus 20 having the structure mentioned 
above, a mother material 1 is first charged in the opening hole HI of the 
forging mold 30 as shown in Fig. 4, and the forging mold 30 is set on a bol- 
ster 21 by the retaining mechanism of the pedestal part 22. A cushion pin 

5 29 is provided under the opening hole HI so as to project from the bolster 
21 into the opening hole HI, and the mother material 1 is supported in the 
conditions that it is placed on the cushion pin 29. 

Thereafter, a forging punch 28 is longitudinally moved by a slide 26, 
and the mother material 1 in the mold 30 is pressurized with a tip of forging 

10 punch 28. The mother material 1 is crush in the axis direction by pres- 
surization of the forging punch to spread out in the radius direction to de- 
form. Thus, the outer peripheral surface of the mother material 1 is in 
contact with the notch part 31a of the upper base 31, the notch part of the 
lower base 32, and the notch part 37 of the plate-shaped block 33 to form 

15 " the column part 1 1 . Further, a part of the mother material 1 enters into the 
recess part 38 of the plate-shaped block 33 to form the fin part 12. Hence, 
the first molded product 10 shown in Fig. 2 is prepared. By preparing the 
first molded product 10 in this manner, it is possible to easily prepare the 
first molded product 10 having high precise dimension in reduced manu- 

20 facturing cost and high speed. 

After the forging molding of the first molded product 10, the first 
molded product 10 is subjected to a punching processing to form a second 
molded product 13 shown in Fig. 6 whereby the punching operation is car- 
ried out (Step S2 of Fig. 1). In the operation, the column part 11 is 
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punched out in the axis direction from its one end to the other end, while 
the fin part 12 of the first molded product 10 molded in the forging opera- 
tion is retained. This punching operation removes the column part 11 
from the first molded product 10 to form the second molded product 13 

5 consisting of only the fin part 12. 

Fig. 6 is a perspective view for schematically illustrating the second 
molded product 13 molded by the punching operation. An arrow of Fig. 6 
indicates a punching out direction of the column part 11. The second 
molded product 13 has a rectangular helical shape that gradually moves in 

10 the punching out direction of the column part 1 1 with moving in the order 
of from the front plate part 12A to the left plate part 12B, from the left plate 
part 12B to the rear plate part 12C, and from the rear plate part 12C to the 
right plate part 12D. The front plate part 12 A, the left plate part 12B, the 
rear plate part 12C and the right plate part 12D are each disposed at ap- 

15 proximately same intervals in the punching out direction of the column part 
11. 

Fig. 7 is a view for schematically illustrating an important part of a 
punching apparatus 40 (means for preparing the second molded product) 
used in the punching operation. The punching apparatus 40 has a bolster 
20 41 and a slide 46 similarly to the forging apparatus 20. The bolster 41 is 
provided with a pedestal part 42 having a retaining mechanism for retaining 
a punching die 50, and a pressure plate 44 capable of receiving the pressure 
load of the slide 46 by pressure given upward with a spring 43 supported 
moveably in the longitudinal direction above the pedestal part 42. 
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The punch 48 is attached to the slide 46 via a punching holder 47. 
The punch 48 moves from the upper location to lower location of the pres- 
sure plate 44 with movement of the slide to pass through the inside of the 
through hole 44a to reach the punching die 50, and then serves to punch out 

5 the column part 1 1 of the first molded product 10 downward in cooperation 
with the punching die 50. 

Fig. 8 is a whole view for schematically illustrating the punching 
die 40 attached to the punching apparatus of Fig. 7, and Fig. 8(a) is a left 
side view and Fig. 8(b) is a plan view. As shown in Fig. 8(a), the punch- 

10 ing mold 50 is composed of an upper base 51, a lower base 52 and plural 
plate-shaped blocks 33 superposed (layered) between the upper base 51 and 
the lower base 52. Further as shown in Fig. 8(b), a rectangular punching 
hole H2 is formed which passes longitudinally through a center of the 
punching die 50 and which makes it possible to punch out the column part 

15 1 1 of the first molded product 1 0 in the longitudinal direction. 

Fig. 9 is a perspective view for explaining a structure of a 
plate-shaped block 53. As shown in Fig. 9, the plate-shaped block 53 has 
"U" shape in plan view that is approximately the same as the plate-shaped 
block 33 of the forging mold, and capable of forming the punching hole 

20 extended in longitudinal direction by combining a pair of the blocks with 
each other in faces of both sides of the blocks arranged right and left and 
superposing the combined blocks on one another in longitudinal direction. 

As for the plate-shaped blocks, the block has an upper side part 54 
extended in the direction leaving the face 54b of its one end, a lower side 
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part 56 extended in the direction leaving the face 56b of the other end in the 
location under the upper side part 54, and an inclined part 55, whose two 
ends link to the upper side part 54 and the lower side part 56, continuously 
extended from the upper side part 54 to the lower side part 56, while the 

5 inclined part gradually descending with moving from the upper side part 54 
to the lower side part 56. 

The upper side part 54 and the lower side part 56 are approximately 
horizontally extended in the condition that the plate-shaped block 53 is re- 
tained between the upper base 5 1 and the lower base 52. The inclined part 

10 55 is, as shown in, for example, Fig. 9, formed such that the upper surface 
56a of the lower side part of the plate-shaped block 53 disposed in the left 
side (this side of the figure) is approximately flush with the lower surface 
54c of the upper side part of the plate-shaped block 53 disposed in the right 
side (the inner side of the figure) to form a continuous surface having an 

15 inclined angle, when the upper surface 54a of the upper side part of the 
plate-shaped block 53 disposed in the left side (this side of the figure) is 
approximately flush with the upper surface 56a of the lower side part of the 
plate-shaped block 53 disposed in the right side (the inner side of the fig- 
ure) to form a continuous surface. 

20 A notch part 57 is formed between a face 54b in the side of the up- 

per side part 54 and a face 56b in the side of the lower side part 56 by 
notching an area in the side of the face of inclined part 55 in the longitudi- 
nal direction. The notch part 57 has shape capable of forming an interme- 
diate portion of the punching hole H2 in cooperation with the notch part 57 
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of an opposite plate-shaped block 53. 

Further, a recess part 58 is provided on an upper surface of the 
plate-shaped block 53 by depressing the upper surface to retain the fin part 
12 of the first molded product 10. The recess part 58 continues from the 

5 face 54b of the upper side part 54 to the face 56b of the lower side part 56 
along an upper end of the notch part 57, and is formed throughout from the 
corner parts of the upper surface 54a of the upper side part, the upper sur- 
face 55a of the inclined part and the upper surface 56a of the lower side 
part of the plate-shaped block 53 to the corner parts of the upper end of the 

10 notch part 57. Further, the recess part 58 is formed in the shape having 
the dimension capable of accommodating the fin part 12 in cooperation 
with the lower surface of the plate-shaped block 53 provided thereon. 

On the other hand, as shown in Fig. 8(a), the upper base 5 1 and the 
lower base 52 have block shape capable of retaining by putting the super- 

15 posed (layered) plate-shaped blocks 53 between the bases in the longitudi- 
nal direction, and further a structure capable of dividing into two portions 
right and left by the face 51b continuing to the faces 54b and 56b of the 
plate-shaped block 53 with extending longitudinally. 

Further, as shown in Fig. 8(b), a notch part 51a is formed on a cen- 

20 tral portion of the face 51b by notching the central portion in longitudinal 
direction in the same dimension as the face 57. The notch part 51a has a 
shape capable of forming the upper and lower end portions of the punching 
hole H2 in cooperation with the opposite notch part 51a of the upper base 
5 1 . Also though the lower base 52 is provided with the same notch part as 
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above, it has the same shape as that of the upper base 51 shown in Fig. 8(b). 
Therefore, the detailed explanation is omitted. 

The setting of the first molded product into the punching die 50 is 
carried out by inserting the sides of the faces 54b, 56b of the plate-shaped 

5 blocks between the fin parts 12, layering them in the axis direction of the 
column part 1 1 of the first molded product, and putting the layered product 
longitudinally between the upper base 51 and the lower base 52. As a re- 
sult, the fin part of the first molded product can be retained by combining 
the recess 58 and the plat-shaped blocks 53 layered on the recess. In the 

10 embodiment of the invention, the punching hole H2 of the punching die 
and the punch 48 are configured such that their dimensions are a little lar- 
ger than the dimension of the column of the first molded product, and fur- 
ther a base end of the fin part is also configured so as to be removed to- 
gether with the column part 1 1 . 

15 In case the above-mentioned second molded product 13 is punch- 

ing-molded using the punching apparatus 40 having the above-mentioned 
structure, firstly the first molded product 10 is beforehand set in the 
punching die 50. Thereafter, the punching die 50 is set on the bolster 41 
by the retaining mechanism of the pedestal part 42 and the punch 48 is al- 

20 lowed to descend by the slide 46. As a result, a tip of the punch 48 is in- 
serted into the punching hole H2 from the upper side, and the column part 
1 1 of the first molded product 10 is punched out downward in the axis di- 
rection in cooperation with the punching die 50. The column part 11 
punched out is discharged downward from a discharging hole 45 that has 
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been beforehand formed on the bolster 41, and consequently the second 
molded product 13 that is formed from the fin parts 12 to be helically 
continued is prepared in the punching die 50. In this manner, the second 
molded product 13 can be prepared by the punching operation (processing), 

5 whereby the second molded product 13 having highly precise dimension 
can be obtained in reduced manufacturing cost and at high speed. 

The punch 48 is moved upward, and drawn out of the punching die 
50, and then the punching die 50 is taken off the retaining mechanism of 
the pedestal part 42 to be disassembled to the upper base 5 1 , the lower base 

10 52 and the plate-shaped block 53, whereby the second molded product 13 
can be taken out. 

After the second molded product 13 having the above shape is 
molded, the second molded product 13 is subsequently coated with an in- 
sulating film whereby the insulating film coating operation is carried out 

15 (Step S3 of Fig. 1). In the embodiment of the invention, the second 
molded product 13 is entered in a storage tank (not shown) in which an in- 
sulating material is stored in its molten state and the insulating material is 
fixed on the product, whereby the coating is carried out (means for prepar- 
ing a third molded product). The coating operation permits the prepara- 

20 tion of the third molded product 14 coated with the insulating film having a 
predetermined thickness. 

After the preparation of the third molded product 14, a motor coil 
15 is obtained by subjecting the third molded product 14 to a pressure de- 
forming processing whereby the pressure deforming operation is carried 
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out (Step S4 of Fig. 1). In the pressure deforming operation, third molded 
product 14 is pressurized from the both sides of the column part 1 1 in the 
punching direction F of the column part 1 1, whereby a plurality of the front 
plate parts 12 A, left plate parts 12B, rear plate parts 12C and right plate 

5 parts 12D continued at predetermined intervals in the punching direction F 
are deformed to a layered product in which the plates are superposed on 
one another in contact with one another (means for pressure deforming). 

Fig. 10 is a perspective view for schematically illustrating a motor 
coil molded by a pressure deforming operation. A through hole 16 having 

10 a rectangular opening shape capable of inserting a motor core (not shown) 
is formed on the central portion of the motor coil 15. Further the outer 
peripheral surface of the motor coil 15 has rectangular shape that can suffi- 
ciently fill up a space allowable for design of a motor when the coil is 
incorporated into the motor. 

15 Hence, the motor coil 15 can have a rectangular shape which is 

disposed such that a width direction of a ribbon conductor is extended in a 
radius direction of the motor core and the ribbon conductor is helically su- 
perposed on one another in an axis direction of the motor core and along an 
outer peripheral surface of the motor core. Therefore the motor coil hav- 

20 ing high space factor can be easily prepared. 

While the presently preferred embodiments of the present invention 
have been shown and described, it is to be understood that disclosures are 
for the purpose of illustration and that various changes and modification 
may be made without departing from the scope of the invention as set forth 
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in the appended claims. For example, though the above-mentioned em- 
bodiment describes an example of the process for preparing the first 
molded product 10 by the forging, the first molded product 10 may not be 
prepared by the forging. 

5 

[Effect of the invention] 

As explained above, according to the process for the preparation of 
a motor coil and the apparatus for the preparation of the motor coil, a 
mother material is molded to prepare a first molded product comprising a 

10 column part, and a fin part projected in the form of flat plate outward in a 
radial direction of the column part from an outer peripheral surface of the 
column part and helically continuing in an axis direction of the column part 
at predetermined intervals along the outer peripheral surface of the column 
part. Subsequently, the column part of the first molded product is 

15 punched out in an axis direction of the column part with retaining the fin 
part to remove the column part whereby a second molded product helically 
formed by the fin part is prepared. Thereafter the second molded product 
left by the removal is coated with an insulating film to prepare a third 
molded product. Finally, both sides in a direction punching out the col- 

20 umn part of the third molded product is pressurized to be deformed to the 
third molded product such that adjacent flat plate portions of the fin part are 
superposed on one another, whereby the motor coil is prepared. 

Hence, a longitudinally wound motor coil, so called, in which a 
width direction of a ribbon conductor is extended in a radius direction of 
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the motor core and the ribbon conductor is helically superposed on one an- 
other in an axis direction of the motor core and along an outer peripheral 
surface of the motor core, can be prepared by the process of the invention. 
The process makes it possible to easily prepare the longitudinally wound 
motor coil having high precise dimension, and further enables enhancement 
of the productivity and reduction of the manufacturing cost. 

[Explanation of reference number] 
1 : mother material 
10: first molded product 
1 1 : column part 
12: fin part 

1 3 : second molded product 
14: third molded product 
1 5 : motor coil 

20: forging apparatus (means for preparing first molded product) 

21: bolster 

22: pedestal part 

26: slide 

28: forging punch 

30: forging mold 

3 1 : upper base 

32: lower base 

33: plate-shaped block 
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34b: face 
36b: face 
37: notch part 
38: recess part 

40: punching apparatus (means for preparing second molded prod- 

41: bolster 

42: pedestal part 

46: slide 

48: punch 

50: punching die 

5 1 : upper base 

52: lower base 

53: plate-shaped block 

54b: face 

56b: face 

57: notch part 

58: recess part 

HI: opening hole 

H2: punching hole 



